Experimental clostridial myonecrosis closely resembling gas gangrene was produced in goats by the intramuscular injection of washed clostridia suspended in adrenalin. The Exudates from goats injected with C. perfringens were lethal for mice and produced necrosis of guinea pig skin typical of C. perfringens. The convincing demonstration of clostridial exotoxins formed in vivo in this experimental model could be the basis for definition of clostridial exotoxin actions which have evaded study in the past.
strated in vivo only in small animal studies, which are open to question, since the inoculum might have spread beyond the muscle tissue and the resulting process often involved muscle plus surrounding areas. The use of a large mammal obviates this problem.
Normal muscle of the goat is free from bacteria (1) . Lindsey et al. (6) demonstrated that the fate of goats subjected to a standard explosive injury was related to the numbers of Clostridium perfringens in the wound. Exudates of these wounds and saline extracts of diced infected muscle contained toxic activity neutralized by polyvalent gas gangrene antitoxin (10) . Noyes et al. (10) recommended the goat as an experimental animal for the study of toxins in experimental clostridial myonecrosis. This report describes a nontraumatic technique for inducing experimental clostridial myonecrosis and the use of a new gel diffusion-indicator technique to identify clostridial hemolysins formed in vivo.
MATERIALS AND MErHODS
The technique used to induce clostridial infections was similar to that used in rabbits by Glover and Mendelson (3) . The principles of laboratory animal care as promulgated by the National Society for Medical Research were observed. Castrated male goats weighing 30 to 50 kg were injected intramuscularly with 106 to 107 washed clostridia suspended in 3.0 ml of 1:2,000 adrenalin. The clostridia chosen were those histotoxic species most frequently found in the flora of gas gangrene patients (12) . They were (i) a Type A C. perfringens, SR-12 strain; (ii) a Type A C. novyi which had been isolated from traumatized goats; and (iii) a C. septicum strain maintained in these laboratories. Control animals were injected with either 3.0 ml of 1:2,000 sterile adrenalin or 10s to 107 heatkilled clostridia suspended in the same milieu. The number of organisms injected was estimated with a streak plate technique (5) .
Blood cultures were carried out by inoculating 5 ml of blood from the jugular vein into stoppered vaccine bottles containing 45 15,000 rev/min for 1 to 6 hr at 4 C, after which the supernatant fluid was sterilized by gravity flow through a Seitz filter at 4 C and was stored at -20 C in glass. "Wound exudate" (lower pathway, Fig. 1 ) collected at autopsy included the free fluid in the vicinity of diseased muscle and small amounts of blood which could not be avoided. This was collected prior to extensive dissection of muscle, sterilized by filtration, and stored at 4 C in glass. Toxin neutralization tests were carried out in 300-to 500-g Walter Reed strain guinea pigs and 10-to 13-g Bagg strain white mice. Lethality for mice was determined by the intravenous injection of 0. Neither gross or microscopic findings were abnormal at autopsy.
Hemolysin indicator plates. Experience was too limited to establish more than gross differences in the sensitivities of the erythrocytes from all sources used to several clostridial hemolysins. Hemolytic zones in horse erythrocytes were small for specimens from goats injected with C. perfringens. In addition, this indicator was prone to nonspecific hemolysis near the well. Sheep erythrocytes were a poor indicator for material from goats injected with C. septicum and C. novyi but were usually satisfactory for specimens from goats injected with C. perfringens. Bovine erythrocytes were unsatisfactory for goats injectedwith C. septicum. Human and rabbit erythrocytes were satisfactory for each type of specimen tested. Mouse erythrocytes were highly sensitive, but degenerated rapidly during incubation. Dog erythrocytes seemed more sensitive than human erythrocytes, and were less apt to degenerate with incubation than were mouse erythrocytes. Pigeon and swine erythrocytes were given one screening trial with specimens representing exudates and extracts from each group. Results for pigeon erythrocytes resembled sheep erythrocytes, and those for swine erythrocytes resembled those for human and cow erythrocytes. It was concluded that human erythrocytes were satisfactory for the identification or titration of any of the hemolysins under study. Unless otherwise noted, this was the indicator used for the hemolysin results reported below.
Representative hemolysin indicator plates and our interpretations of the results can be seen in Fig. 2 to 4 and Table 3 . Values for some antisera were incomplete, and it was concluded that the reduction of the hemolytic zone in reaction 5 of Fig. 2 gens antitoxins in mice indicated that the a toxin was the lethal factor in these preparations (Table 6 ). However, some extracts from injected or noninjected legs of goats injected with C. perfringens produced prompt convulsions in mice, some of which died. This may have been due to a precipitate, which was not uncommon in specimens preserved by freezing, or perhaps it was due to intravenously administered hemoglobin. Extracts from noninfected legs of goats injected with C. novyi or C. septicum were not evaluated for mouse lethality. Extracts from control legs, i.e., uninoculated legs, or from legs inoculated with heat-killed organisms in adrenalin were not hemolytic, dermonecrotic, or positive for the LV test. Tissues appeared normal at autopsy.
Exudates and extracts from goats injected with type A C. novyi were hemolytic (Fig. 4) , and most were positive for the LV test. The finding that hemolysis was blocked by antisera for type A but not type B C. novyi was interpreted to mean that the hemolysin was the y toxin of C. novyi. The lethal activity of these extracts for mice was neutralized by types A and B C. novyi typing sera. Titrations of these antisera were compatible with the lethal factor having been the a (nonhemolytic) toxin of C. novyi because the a antitoxin content at the end point was 0.16 unit/ml for type A and 0.20 unit/ml for type B. Thus, it was concluded that two distinct factors, a hemolysin and a lethal factor, were present. Extracts from legs injected with killed C. novyi organisms suspended in adrenalin were negative for hemolysins or lethal factors.
Exudates and extracts from legs infected with C. septicum were hemolytic and lethal for mice. The C. septicum typing sera which was characterized only in terms of a antitoxin neutralized the hemolytic activity (Fig. 3) pended in adrenalin closely resembled the characteristics of gas gangrene. In these animals, a short clinical course was followed by an abrupt demise. No bacteremia was present, and autopsy findings were compatible with progressive myonecrosis associated with muscle invasion by the injected bacteria. The findings in goats injected with the same dose of adrenalin used to facilitate infection by washed clostridia demonstrates that this model, consisting of washed Clostridium bacilli suspended in adrenalin, provides the opportunity to study clostridial myonecrosis virtually isolated from traumatic factors. The survival of some of the animals infected with C.
perfringens does not parallel the impression that patients with gas gangrene do not survive unless all necrotic tissue is excised (8) , but whether these animals developed myonecrosis is unknown. Likewise, the short incubation period of goats injected with C. novyi suspended in adrenalin is not the situation found in human beings (8) .
The possibility of exotoxin production in vitro by viable organisms in the specimens during the processing of muscle extract was excluded by studies of exudates sterilized within minutes after removal from some animals (compare upper and lower pathways, Fig. 1 ). In animals which had evidence of muscle infection at autopsy, the hemolysin indicator test demonstrated the a toxin of C. perfringens in exudates from animals injected with that organism. The lethal and hemolytic a toxin of C. septicum described by Moussa (9) was presumably identified in the exudate from the goat which was injected with C. septicum and which showed evidence of muscle infection at autopsy. Hemolytic indicator plate tests of the corresponding muscle extracts revealed the same findings except for the decrease of activity that might be expected during the dialysis procedure, whereas no such activity could be demonstrated in extracts from the opposite (uninoculated) leg. The association between the demonstration of these toxins and clostridial myonecrosis is striking, and supports the contention that they were produced in vivo. The comparability of the findings with the hemolysin indicator plate tests for exudates and muscle ex- tracts suggests that the a toxin of C. novyi demonstrated in muscle extract was also produced in vivo.
